A simple visual test was used to measure how much Listing's plane rotates as a function of the vergence angle. This test measured the elevation-dependent torsional disparity of horizontal and vertical lines during three tasks: vergence on a near target, vergence through prisms that remained fixed, and through prisms that rotated with eye elevation. Consistent with our previous search-coil measurements, the results here suggest that the angle between the Listing's planes of the two eyes is somewhat less than the vergence angle.
INTRODUCTION
To move the fovea between visual targets, the eye can rotate about a variety of axes. Listing's law states that the axes used to rotate the eye from a reference position, to an eccentric eye position are confined to a common plane. This plane is called Listing's plane. If one defines eye position as a vector, whose direction represents the axis of rotation used to reorient the eye from its reference orientation to its current orientation and whose magnitude is scaled by the magnitude of rotation, then Listing's law states that the vector's torsional component is zero.
When one gazes at a distant target Listing's plane is approximately parallel to the frontal plane of the head [ Fig. I(A) ].
It was assumed that because the eyes rotate about the line of sight during vergence (Enright, 1980; Nakayama, 1983 ), Listing's law holds only for gaze at distant targets. This is not quite correct. Eye positions during vergence still remain restricted to a plane (Mok, Ro, Cadera, Crawford & Vilis, 1992) , but this plane is rotated temporally relative to that observed for distant targets [ Fig. 1 (B) ], through an angle that depends directly on the amount of vergence (Mikhael, Nicolle & Vilis, 1995) . Because of this rotation, both eyes undergo extorsion (ex) during downward gaze shifts and intorsion (in) during upward gaze shifts (Mok et al., 1992) . Depending on how much Listing's plane rotates, the target images could be oriented differently on the two retinas, and this torsional disparity will vary with gaze elevation. The goal of this study was to determine if these rotations of Listing's plane during convergence can be measured without recording eye movements. In the past, the three-dimensional angular position of the eye was measured using search-coils placed in each eye (Tweed, Cadera & Vilis, 1990; . As this technique can be uncomfortable for some subjects, our study uses a much less intrusive technique of measuring Listing's plane. The subject views a video screen containing two lines, one red and one green, separated by a square white box [ Fig. 2(A) ]. Looking through colored filters, each eye sees only one of the lines. The subject is required to rotate the green line until it appears parallel with the red. This task was performed looking up and down, with and without vergence. The actual misalignment of the lines on the screen was measured, and from these angles we computed the rotations of the Listing's planes of the two eyes.
Several laboratories (Minken & Van Gisbergen, 1994; Mikhael et al., 1995; Mok et al., 1992; Van Rijn & Van den Berg, 1993) have shown that convergence produces a temporal rotation of the Listing's planes, but there is debate as to the amount of rotation. Mok et al. (1992) and Mikhael et al. (1995) have suggested that the angle between the Listing's planes is about 0.7-times the angle of convergence whereas Van Rijn and Van den Berg (1993) have suggested that the interplane angle is 1.7-times the vergence angle. Our visual tests may help to settle this question. In this paper we use these tests to provide independent support for the view that the interplane angle is smaller than the vergence angle.
METHODS
A green and a red line, 15 deg long, and separated by a single central white box, were displayed on a video monitor 51 cm from the eyes. The lines were viewed FIGURE 2. The test conditions. Two non-parallel lines (green and red) were displayed on a computer screen at a distance of 51 cm from the subject. {A) Lines, 15 deg long, were viewed through Rosco Gel filters, a green filter over the left eye and a red filter over the right. The initial angle between the lines was set randomly, ranging from 1 I deg CW to I I deg CCW. monocularly through Rosco Color Gel filters, a green one over the left eye and a red one over the right. The subject was asked to fuse the white box [ Fig. 2(A) ]. Depending on the task, these lines were oriented horizontally or vertically. Initially, the lines were angled relative to each other by as much as 11 deg. The subject was required to make them parallel [ Fig. 2(B) ] by clicking the mouse buttons: pressing one button rotated the green line (seen by the left eye) clockwise (CW) by 0.7 deg, while pressing the other button rotated the green line counterclockwise (CCW) by the same amount. When the subjects reported that the lines looked parallel, the computer measured the actual angle between the lines on the screen [ Fig. 2(C) ]. A clockwise orientation of the red line with respect to the green line was called positive. Then, a new set of non-parallel lines was displayed and the procedure was repeated for a total of 10 measurement trials in a block. In all, ten blocks were collected in a random order: four blocks with the lines centered in front of the subject, three with the screen 30 deg up, and three more with the screen 30 deg down [ Fig. 2(D) ]. The video display was rotated around an imaginary axis that went through the center of the eyes so that rotating the screen by 30 deg would call for a 30 deg rotation of the eyes. The head was immobilized with a chin rest and head strap.
For each of ten normal subjects we collected 10 blocks of data as described above (control data set) and an additional 10 blocks with additional vergence was produced in one of three ways.
Task 1: viewing horizontal lines through head-fixed prisms
Subjects were required to make the two lines parallel while fusing the central white box through a set of 11-diopter base-out prisms fixed on spectacle frames 0.25 cm in front of the eyes.
Task 2: viewing horizontal lines while converging on a near target (LED)
Here the subjects were asked to align the same horizontal lines displayed on the video monitor while they converged on a near LED. The LED was positioned so that the increase in vergence, from the square on the video monitor to the LED, was 11 deg (i.e., the same change in vergence as with the head-fixed prisms in task 1). Thus, vergence increased from 7.0 deg in the control condition to 18 deg in this task.
Task 3: viewing horizontal lines while converging through rotating prisms
In this task the prisms, rather than remaining fixed as in task 1, rotated with the elevation of the video screen.
Subjects were also required to perform tasks 1,2 and 3, but with vertical lines instead of horizontal lines. The spacing between the vertical lines was increased to 2 deg to prevent the subjects from fusing the lines instead of the white square.
Data analysis
We plotted torsional disparity vs screen elevation and computed the slope of the line of best fit.
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n --number of trials in one block (10) l 0 blocks = total of 100 points. The lines are the lines of best fit to the data. Note: to be consistent with the sign convention in the Discussion section, a downward screen elevation is denoted as positive. When subjects converge through head-fixed prisms, the slope of the line is positive. When they converge on the screen without prisms, the slope is about zero. Subject JD.
The slope during vergence was compared against that of the control to determine the change in slope produced by vergence.
RESULTS

Task 1: viewing horizontal lines through head-fixed prisms
When converging through l 1-diopter, head-fixed prisms, subjects reported horizontal lines as being parallel when they were not. Figure 3 shows successive measures of the actual torsional disparity of these lines for one subject (JD).
A consistent clockwise (CW) disparity was observed when the screen was lowered by 30 deg and a counterclockwise (CCW) disparity when the screen was raised by 30 deg. When the screen was placed at the center position, disparity was small. As indicated by the lines with different symbol types, this pattern was consistent between trials in one block and between blocks. Mean torsional disparity differed significantly between blocks with different elevations, but not between blocks with the same elevation. Figure 4 shows a plot of the 100 actual torsional disparity measurements as a function of screen elevation for the same subject JD. A line fitted to these data has a positive slope of 0.14 ± 0.01 (95% confidence). Note that the slope has a positive value because we adopted a convention in which down is positive. When subjects view the same horizontal lines without head-fixed prisms, the slope of torsional disparity against screen elevation was much smaller. For subject JD the slope was 0.005 ±0.005 (Fig. 4) . Thus, the change in slope between with and without head-fixed prisms conditions was 0.145 for this subject.
In total, ten subjects were tested under the conditions of task 1, and in all ten subjects torsional disparity varied directly with screen elevation. The average slope across the ten subjects was 0.144 ± 0.03 (Fig. 5 ).
All ten subjects showed measurably smaller slopes without head-fixed prisms. The slopes, negative in all but one subject, averaged -0.004 ± 0.008 (Fig. 5) . Thus, the change in slope during vergence across all ten subjects averaged 0.148=t=0.03. A one tailed paired t-test indicated that this change in slope was significant (onetailed, t-test, P < 0.001).
Task 2: viewing horizontal lines while converging on a near target (LED)
Here the subjects were required to align the same horizontal lines while converging by an additional 11 deg on a near LED. The slope averaged across all 10 subjects was -0.018 :t: 0.02 [ Fig. 6 (A)], much smaller than in the fixed-prisms task and of opposite sign. In the ten subjects this slope ranged from 0.06 to 0.03.
As expected, the disparity produced in the control 
Task 3: viewing horizontal lines through a set of rotating prisms
In this task we measured the disparity of the same horizontal lines viewed on the screen when the eyes converged through a set of prisms that rotated with the elevation of the screen. As in the LED task, small torsional disparity changes were observed as a function of screen elevation. The average slope across all ten subjects for rotating prisms was -0.033 ± 0.02 [ Fig. 6(A) ]. The average slope without rotating prisms was -0.009 4-0.009. Thus, the change in slope caused by the rotating prisms across all ten subjects averaged -0.024 + 0.01. This was significantly different from the change in slope produced by the head-fixed prisms (0.148) but similar to that when converging on a near LED (-0.011).
Viewing vertical
Finally we measured the disparity of vertical lines when converging (1) through head-fixed prisms; (2) on a near LED; or (3) through rotating prisms. In the headfixed prisms task, disparity was dependent on elevation, but of the opposite sign as compared with when viewing horizontal lines. The slope, on average, across all ten subjects was -0.12 + 0.04 [ Fig. 6(B) ]. Aligning the same vertical lines, but without the head-fixed prisms resulted in an average slope of -0.016 i 0.01 [ Fig. 6(B) ]. Thus, the change in slope produced by the head-fixed prisms averaged -0.104 4-0.03 [ Fig. 6(B) ].
When viewing vertical lines while converging on a near LED, a similar elevation-dependent disparity was observed as when viewing horizontal lines. The average slope across ten subjects was -0.033 ± 0.03 [ Fig. 6(B) ]. The disparity of vertical lines without the LED (control condition) resulted in an average slope of -0.007 ± 0.005 [ Fig. 6(B) ], a value that was not different from the other controls. Thus, the change in slope produced by the LED averaged -0.026 4-0.02, similar to when viewing horizontal lines.
In our last condition, subjects were required to align vertical lines while converging through rotating prisms. On average, subjects showed an elevation-dependent disparity, with a slope of -0.027 + 0.03 [ Fig. 6(B) ]. The disparity of vertical lines in the control case was again 
Change in Slope FIGURE 6. Average slopes fl~r all tasks: head-fixed prisms, LED, and rotating prisms when viewing horizontal lines (A) and vertical lines (B). The left set of three bars represents the average slope in the control condition, without prisms or near LEDs. The center set represents the average slopes when subjects view through fixed prisms, converged on a near LED, and viewed through prisms that rotated with screen elevation. Error bars represent one SD for the 10 subjects. * indicates that the change is significantly less or greater than as determined by a one-tailed t-test (95% level).
small, with an average slope of -0.009 ±0.01 [ Fig.  6(B) ]. The average change in slope, when viewing vertical lines through rotating prisms was -0.018 :k 0.02, and not significantly different from zero (t-test, P < 0.10, one-tailed).
Sbl#llnl(tl*y
The change in slope was largest in magnitude when subjects viewed horizontal or vertical lines through head-fixed prisms [ Fig. 6(A, B) ]. The sign of the change was positive for horizontal lines and negative for vertical lines. In contrast, when subjects viewed horizontal lines through rotating prisms or while converging on a near LED, the change in slope was smaller and negative.
DISCUSSION
Geometry of binocular vision
What do the visual effects we have measured here tell us about binocular coordination'? As is usual with oculomotor questions, we can clarify the issues and save a lot of effort by using an appropriate coordinate system. In this case, the coordinates of choice are Helmholiz angles, in which an eye position is decomposed into a series of three subrotations, starting from primary position: first a torsional rotation through angle 7" about the line of sight, then a horizontal rotation through angle H about a head-fixed vertical axis, and finally a vertical rotation through angle V about the interaural axis [ Fig.  7(A) ].
To agree with the usual convention tk~r quaternions and 
where all angles are given in radians (not degrees). Actually, this equation is not precisely equivalent to Listing's law, as defined by the quaternion formula qT=O.
An exact expression for Listing's law in Helmholtz coordinates is somewhat complicated, but the simple formula in equation (3) is a very close approximation to the law: within 30 deg of primary position, the discrepancy never exceeds 0.1 deg (Tweed, 1997) .
As equation (3) makes clear, Listing's law requires that the Helmholtz-torsional angle of the eye varys as a function of horizontal and vertical eye position, with the result that the retinal image will rotate torsionally when the eye moves into tertiary positions. For example, consider the cross-shaped visual targets in Fig. 7(B) . In each target, the horizontal crossbar lies in the visual plane and the vertical crossbar is orthogonal to both the horizontal bar and the line of sight. Owing to ocular torsion, the retinal image of this target will rotate torsionally as a function of eye position. If the eye is 30 deg down and 30 deg left, or in others words if H= V= 0.52 radians, then the ocular torsion T from equation (3) will amount to-(0.52)(0.52)/2 =-0.135 radians, or 7.9 deg counterclockwise, which means that the retinal image will be rotated 7.9deg clockwise relative to the eye, as shown in Fig. 7(C) . However, as long as the two eyes have the same eye position, the image rotation will be the same on both retinas, i.e., there will be no disparity.
What would happen if the eyes continued to obey Listing's law when they converged? Because the horizontal angles of the right and left eyes, He and HL, differ during vergence, the torsional angles would also differ: (5b)
The term (HR-HE) in (5c) is simply the vergence angle--the angle between the two lines of sight--which we shall call D, for disconjugate: 
In other words, if our eyes obeyed Listing's law while converged, we would see double when we looked up or down, experiencing torsional disparity proportional to the product of the disconjugate angle, D, and the vertical coordinate of eye position, V. For example, if the disconjugate angle were equal to 60 deg and the vertical eye position were 30 deg down, or in other words D = 1.04 and V= 0.52 radians, then the torsional disparity from equation (7) would be-(1.04)(0.52)/2 = -0.27 radians, or 15.8 deg counterclockwise. This can be seen in Fig. 8 simply by combining the up and left image of the right eye in Fig. 7 with the up and right image of the left eye.
We could avoid this disparity by breaking Listing's law, adding to each eye some extra torsion that varies in the appropriate way with D and V. The symmetric solution is to divide the extra torsion evenly between the two eyes, adding half of the disparity in equation (7) to the left eye and subtracting it from the right: What does this extra torsion mean in terms of Listing's plane? Equation (8) is saying that the torsion of the right eye depends directly on the disconjugate angle and the vertical eye position. At any fixed, nonzero D, the greater the V the greater the torsion. When the eye looks down, ocular torsion is clockwise; when it looks up, torsion is counterclockwise. This pattern implies that Listing's plane of the right eye is rotated temporally. The angle of rotation can be computed with a little effort, and comes out to half the disconjugate angle: D/2. For the left eye, the minus sign before the DV/4 term reversed the relation, so Listing's plane tilts the opposite way, i.e. also temporally. And the angle of tilt is the same as for the right eye: D/2. Therefore, equation (8) implies that the total angle between the Listing's planes of the right and left eyes must equal the disconjugate angle, D. If one expresses the ratio of these two angles as a dimensional gain factor, G, then the ideal G, the one which will eliminate torsional disparity, is G = 1.0.
Studies of binocular coordination
Do human subjects avoid torsional disparity by moving their eyes as described by equation (8)? The test is to look for the predicted torsional rotations +DV/4, opposite in the two eyes and linearly dependent on both D and V. Several laboratoriess have looked at this question, and they have all found torsional eye movements with the right qualitative pattern, the only point of contention being the amount of rotation. These research papers all expressed their results in terms of the rotation of Listing's plane--i.e., in quaternion or rotation-vector coordinates---but if we translate their data into Helmholtz coordinates, the situation looks like this: all laboratories agree that ocular torsion depends on DV according to the following generalization of equation (8):
equation (10) is identical to equation (8), except that a gain factor G has been introduced before the DV/4 term. This G describes how strongly ocular torsion changes as a function of D and V. As shown in equation (8) and equation (9), the "ideal" value for G--the value that eliminates torsional disparity of lines in the visual plane--is 1 (Fig. 8) . However, the actual value of this constant is controversial. Empirical estimates range from 0.64 (Mok et al., 1992 ) through 1.08 (Minken & Van Gisbergen, 1994) up to 1.71 (Van Rijn & Van den Berg, 1993) . The reason for this disagreement does not seem to be due to different visual conditions (Minken & Van Gisbergen, 1994) . As all these studies used the searchcoil method of eye-movement recording, our aim was to obtain an independent measure, using retinal images to determine G. To find G based on retinal disparities, we need one further extension to our equations for ocular torsion:
Here the terms 2RV and 2LV reflect the fact that the Listing's planes of the two eyes may not lie in the frontal plane, even when the disconjugate angle D is zero (far viewing). The two 2s indicate which way the two planes are turned and how far. For example, if )~k is positive, this means that the right eye's Listing's plane is not in the frontal plane when D=0, but is rotated temporally.
Retinal images and ocular torsion
Deducing Tai~,p based on retinal disparities has a potential pitfall which must be avoided. The estimate of Tdisp can be wrong if the corresponding meridians on the retinas are not aligned in reference eye position, where "corresponding" means that a line falling on the two meridians is seen single rather than double. For example, it is known that the corresponding, near-vertical meridians on the two retinas are not parallel in the two eyes, but are tilted about 2 deg relative to one another. The meridian in the right retina is tilted about 1 deg clockwise away from pure vertical from the subject's point of view (i.e., the top end of the line tips to the right) whereas the corresponding meridian on the left retina is tilted about 1 deg counterclockwise (Helmholtz, 1867; Ogle, 1950) . So even when both eyes are in their reference positions, with both their torsional angles equal to 0, our method will still report a torsional disparity: when near-vertical lines are presented on the computer screen, the red line, seen by the right eye, will have to be rotated 1 deg clockwise, and the green line 1 deg counterclockwise, in order that the subject judge them parallel. Therefore, the method will falsely report a torsional disparity of 2 deg clockwise. Fortunately, though, this error does not affect any of our deductions because, as we shall see below, we derive our conclusions by measuring disparity at a number of different eye positions and looking at how the disparity changes. Because we are concerned with changes in disparity rather than absolute values, the constant bias introduced by misaligned corresponding meridians is canceled out.
Converging on a near LED
Of our three experimental tasks, the one that is optically the simplest and therefore the easiest to interpret is the LED test, in which subjects kept their eyes converged on a near target, an LED placed so as to require 17.9 deg of vergence, but they had to align their images of red and green lines presented on a computer screen in the background, 51 cm away. Normally, subjects would need a disconjugate angle of 6.9 deg to view this screen, so by forcing them to fixate the LED we introduced an extra 11 deg of vergence. Looking through their colored filters, our subjects saw the red line on the computer screen only with the right eye and the green line only with the left. They rotated the green line until it looked to be parallel with the red, and when they were done we measured the actual angle between the two lines on the computer screen to find the torsional disparity To express our unknown quantity, G, as a function of our measured variable, torsional disparity, Tdisp, we substitute TR and T/~ from equation (10) into equation (2), yielding:
Unfortunately, we cannot use equation (12) 
Note that V has been eliminated from the equation (and as mentioned above, by computing this slope we also remove the confounding effects of misaligned retinal meridians). Finally, to eliminate the 2s and D, we measured this slope at two different disconjugate angles: 6.9 and 17.9 deg. Dividing the change in slope by the change in the disconjugate angle then left our soughtafter variable G out in the open:
This formula rearranges to:
In our no-prism experiments, where near-horizontal lines were presented on the computer screen, the average value for AD was 11 deg, or 0.19 radians, generating a slope of 2/0.19 or 10.42 [ Fig. 9(A) ]. Therefore, a As of -0.011 + 0.01 converts to a G of 1 -0.11 = 0.89 4-0.10 (SD across 10 subjects). When near-vertical lines were presented, As averaged -0.026-4-0.02, for a G of 0.73 + 0.23 [ Fig. 9(A) ]. These two values agree with one another and with previous measures by Mok et al. (1992) and Mikhael et al. (1995) , and they are not far from the values found by Minken and Van Gisbergen (1994) .
Rotating prism experiments
For the case where the prisms rotate up and down with the eye, the optics are very simple. To a good approximation, the prisms merely rotate each eye's visual scene 5.5 deg horizontally in the nasal direction, about an axis that is vertical relative to the eye. In these experiments, as in the LED study, we measured disparities at different vertical and disconjugate angles. A line of reasoning similar to the one given above then leads to the same equation as in the no-prism case: G is again given by equation (14). In our moving-prism data, when near-horizontal lines were presented, the average value for As was = -0.024 + 0.01, which converts to a G of 0.75 +0.14 (SD across 10 subjects). When nearvertical lines were presented, As averaged 0.018 ± 0.02, for a G of 0.81 -4-0.21 [ Fig. 9(A) ].
Head-fixed prism experiments
In the experiments where the prism is fixed relative to the head, the optics are more complicated. Because the light rays entering the eye are no longer even roughly perpendicular or constant relative to the long axis of the prism, as they were in the case of the moving prisms, new optical distortions arise. Visual images are not only rotated but also warped so that, for example, a cross formed by a horizontal and a vertical crossbar will looked skewed. The two crossbars will not appear to intersect at right angles. Indeed, the torsional disparities of horizontal and vertical lines that we measured with this technique were of opposite sign, which shows that the lines were rotated differently. Quantitatively, these distorsions depend on a number of variables, such as the slant of the prism relative to the line of sight and the distances from the eye to the prism and from the prism to the visual target. To quantify these effects, we simulated the optics of the prism in the computer using Snell's law of refraction, taking into account the prism's geometry and its location and orientation relative to eye and target, and also the fact that the index of refraction of the prism glass is slightly different for red and green light, and will therefore have different effects on the red and green lines seen by the right and left eyes.
From these simulations came the following two equations for G. Because of the warping introduced by head-fixed prisms, separate equations are required for the tasks where horizontal and vertical lines are presented on the computer screen:
For near -H lines G --1 + 2(As --0.197)/AD For near -V lines G -1 + 2(As + 0.095)/AD.
Here As is the difference between s17.9 and $6.9, where s17.9 is the slope of Tdisp vs vertical eye position, measured when the subject looked through the headfixed prisms, which required a disconjugate angle D of 17.9 deg; $6. 9 is slope of the same relation measured when the subject looked at the computer screen without prisms, with a disconjugate angle of 6.9 deg. Note that and are identical to equation (14) except for the offset terms 0.197 and 0.095, which reflect the optical distortions caused by the prisms. In our head-fixed prism data, when near-horizontal lines were presented, the average value for As" was=0.148±0.03, which gives a G of 0.49 + 0.32 (SD across 10 subjects) by . With nearvertical lines, As averaged -0.104 + 0.03, for a G of 0.91 ± 0.30 by equation (14) [ Fig. 9(B) ].
Why is G < 1 ?
All six visual tests put the average value for G in the range 0.49 to 0.91, which is somewhat less than the ideal value of 1. Tweed (1997) has suggested that low G values reflect a compromise strategy, weighing stereo vision against motor efficiency. From the viewpoint of stereo vision, setting G---1 is the optimal strategy. However, from a motor viewpoint, the optimal G is 0, because a low G reduces eye eccentricity. The 3-D rotational displacements of the eyes from their center positions are smaller for smaller Gs, essentially because a smaller G requires less rotation of the eye about its line of sight. Reducing eye eccentricity in this way may, in turn, reduce the work of the eye muscles. Or, by keeping the eye nearer the center of its range of motion, it may allow faster reactions to new visual events, in the same way that staying near center-court allows a tennis player to respond more quickly to incoming balls. The fact that actual G values cluster closer to 1 than to 0, i.e. closer to the optimal value for stereo vision than to the optimal for muscle work, may suggest that vision is winning this tug-of-war.
Sigmmflry
Our visual tests of binocular coordination confirm previous reports that the Listing's planes of the two eyes rotate temporally when the eyes converge (Minken & Van Gisbergen, 1994; Mikhael et al., 1995; Mok et al., 1992; Van Rijn & Van den Berg, 1993) . The amount of rotation, currently a point of controversy, was quantified here using the parameter G. Our six independent visual measures of G clustered together, all landing in the range from 0.49 to 0.91, which means that the Listing's planes of the two eyes each rotate through an angle about 0.49-0.91-times as large as the disconjugate, or vergence, angle. These values for G agree very well with previous measures by Mok et al. (1992) and Mikhael et al. (1995) , and almost as well with the findings of Minken and Van Gisbergen (1994) , but they clash with the value of 1.71 reported by Van Rijn and Van den Berg (1993) .
A recent study by Bruno and Van den Berg (1997) suggests a likely resolution to this discrepancy. The study confirms that when viewing distant targets most subjects exhibit a temporal or exorotation of Listing's plane. Thus, if one computes G by simply measuring the orientation of Listing's plane for a given value of vergence, one would overestimate G because this assumes zero exorotation when vergence is zero. If, on the other hand, G is based on the actual change in orientation, as was done here, values comparable with those reported in this study, were found.
You can check your own G value by performing a home version of our no-prism experiment. Converge your eyes on a near target, such as your fingertip, while directing your attention to a distant horizontal line, such as the top or bottom edge of a window. Make sure this edge is parallel with your interaural axis. Then the relative orientation of the images of the edge in your right and left eyes will reveal your pattern of ocular torsion, if your right eye's image is clockwise of your left's when the window's edge is below eye level, and counterclockwise when the edge is above eye level, then your your G is < 1. If these orientations are reversed, your G is >1.
Visual tests may be a useful clinical tool for measuring the relative orientations of the two eyes' Listing's planes in patients. The usual technique, using search-coils in large contact lenses, is more versatile because it allows one to find the absolute orientation of the planes, not just their relative positioning, but the large contact lenses are not well tolerated by some patients. Visual tests may, therefore, find a role as a fast and completely noninvasive way to assess binocular coordination in three dimensions.
